We describe the ultrastructural abnormalities of the small bowel surface in 16 infants with persistent diarrhea. The age range of the patients was 2 to 10 months, mean 4.8 months. All patients had diarrhea lasting 14 or more days. Bacterial overgrowth of the colonic microflora in the jejunal secretion, at concentrations above 10 4 colonies/ml, was present in 11 (68.7%) patients. The stool culture was positive for an enteropathogenic agent in 8 (50.0%) patients: for EPEC O111 in 2, EPEC O119 in 1, EAEC in 1, and Shigella flexneri in 1; mixed infections due to EPEC O111 and EAEC in 1 patient, EPEC O119 and EAEC in 1 and EPEC O55, EPEC O111, EAEC and Shigella sonnei in 1. Morphological abnormalities in the small bowel mucosa were observed in all 16 patients, varying in intensity from moderate 9 (56.3%) to severe 7 (43.7%). The scanning electron microscopic study of small bowel biopsies from these subjects showed several surface abnormalities. At low magnification (100X) most of the villi showed mild to moderate stunting, but on several occasions there was subtotal villus atrophy. At higher magnification (7,500X) photomicrographs showed derangement of the enterocytes; on several occasions the cell borders were not clearly defined and very often microvilli were decreased in number and height; in some areas there was a total disappearance of the microvilli. In half of the patients a mucus-fibrinoid pseudomembrane was seen partially coating the enterocytes, a finding that provides additional information on the pathophysiology of persistent diarrhea. 
Introduction
Persistent diarrhea of presumably infectious etiology is responsible for approximately half of the 3,300,000 yearly deaths due to diarrhea in developing countries (1, 2) . It is assumed that 3 to 23% of the acute diarrhea episodes evolve to persistence and are also associated with adverse effects on growth and nutrition (3) .
The etiologic and pathophysiologic factors of persistent diarrhea have not been clearly established. Small bowel lesions described in infants with persistent diarrhea may be due to several noxious factors, namely, nutritional deficiencies (4, 5) , direct action of some enteropathogenic agents on the enterocyte (6) , food allergy (7), acting separately or in an associated fashion. Light microscopy studies of the small bowel mucosa have fre- quently shown different degrees of villus atrophy, including subtotal villus atrophy, with increased inflammatory infiltrate in the lamina propria (8, 9) . Moreover, ultrastructural derangements of the enterocyte and organelles have been reported in studies with the transmission electron microscope (10) . However, there are few studies available in the literature describing surface aspects of the enterocytes using scanning electron microscopy in children with chronic diarrhea due to food allergy and giardiasis (11, 12) . The most frequent abnormalities observed in these reports were an excessive production of mucus, loss of the glycocalyx and the presence of a pseudomembrane covering the epithelial surface.
The present study was designed to describe the ultrastructural abnormalities of the small bowel surface in infants with persistent diarrhea. The study was approved by the Research and Ethics Committee of Escola Paulista de Medicina, and informed consent was granted by the parents.
Patients and Methods

Patients
Sixteen infants consecutively admitted to the Diarrhea Unit of São Paulo Hospital, São Paulo, SP, Brazil, with persistent diarrhea were studied. The age range of the patients was 2 to 10 months, mean 4.8 months. Diarrhea was defined as 3 or more liquid stools per day, representing a change from the previous bowel pattern. Persistent diarrhea was characterized as a diarrheic syndrome, presumably of infectious etiology, lasting 14 or more days, with significant impairment of nutritional status (1) .
Patient nutritional status was evaluated utilizing the Goméz criteria (13) and the NCHS growth chart as reference (14) .
During hospitalization, after correction of the electrolyte imbalance and when the patients had overcome the critical phase, they were submitted to pertinent investigation.
Stool culture and rotavirus test
Stool specimens were collected upon admission and examined for the usual enteric pathogens (EP) (diarrheogenic Escherichia coli (EC), Salmonella, Shigella, Yersinia enterocolitica, Campylobacter, Cryptosporidium, and ova and parasites) using standard techniques (15) . Three to five colonies biochemically identified as E. coli were serotyped according to standard methods, using commercially available polyvalent and monovalent sera (Probac do Brasil, São Paulo, SP, Brazil) against O antigens of EPEC, enteroinvasive (EIEC), or O157 enterohemorrhagic (EHEC) serogroups of E. coli (16) . Detection of enterotoxigenic E. coli (ETEC) and enteroaggregative E. coli (EAEC) was performed by hybridization with the heat-labile and heat-stable enterotoxin DNA probes (LT I, LT II, STh) and AA probe, respectively (17) . Rotavirus antigen was identified by an enzyme-linked immunoassay (18) .
Small intestinal biopsy and jejunal secretion culture
The 16 patients were intubated via the nasogastric route by the technique of Toccalino and ODonnell (19) , using a flexible radio-opaque polyethylene tube distally coupled to a 1.6-mm twin port Watson intestinal capsule. The course of the capsule was followed by fluoroscopy to the Treitz flexure. When the capsule reached this region, jejunal secretion was carefully aspirated with a 2.5-ml syringe. The first 0.5 ml of secretion was discarded, and the next 0.5-1.0 ml was obtained for bacterial culture. The presence of bacterial counts of more than 10 4 colonies/ml was considered compatible with bacterial overgrowth of the small bowel. The bacteria were isolated and identified in all cases. Once secretion was collected, the cap- sule was fired and one fragment of jejunum thus obtained was fixed in buffered formalin for light microscopy evaluation. The preparation was stained with hematoxylin and eosin, and biopsies were interpreted according to the criteria of Schenk and Klipstein (20) . The other fragment was immediately fixed in 2.5% glutaraldehyde buffered with 0.1 M sodium cacodylate buffer, pH 7.2, for scanning electron microscopy evaluation. After gentle washing in buffer, so as not to remove surface mucus, the tissue was postfixed in 1% osmium tetroxide, dehydrated through an ethanol series and dried in a CPD 030 critical point dryer. Subsequently specimens were attached to 0.5-inch aluminum stubs and coated with silver colloid (Silver Print). Biopsies were examined with a JEOL JSM 5300 scanning microscope at low, medium and high power.
Rectal biopsy
Rectal mucosa specimens were obtained with a 1.8-mm port size Rubin multipurpose suction biopsy instrument. Biopsy specimens were fixed in 10% formalin and stained with hematoxylin and eosin for light microscopy evaluation. Morphological interpretation was based on the Goldman and Proujansky criteria (21).
Results
All patients had some degree of proteincalorie malnutrition (PCM), as follows: 5 were PCM I, 7 PCM II and 4 PCM III (13) .
The results of laboratory investigation of our patients are shown in Table 1 . Bacterial overgrowth of the colonic microflora in the jejunal secretion at concentration above 10 4 colonies/ml was present in 11/16 (68.7%) patients. Stool culture was positive for an enteropathogenic agent in 8 (50.0%) of them. In 3, the same enteropathogenic bacteria were isolated from the stools and from the jejunal secretion, namely EPEC O55 (patient 14) and EPEC O119 (patients 4 and 15). In the remaining 5 patients, bacteria of the colonic microflora, namely Proteus, Enterobacter, Pseudomonas and Klebsiella, were isolated from the jejunal secretion. In 3 of 8 patients without enteropathogens in the stool culture there was bacterial overgrowth in the jejunal secretion of the colonic type at concentrations above 10 4 colonies/ml. In 5 patients no enteropathogenic bacteria were identified in the stool culture, and no bacterial overgrowth was observed in the jejunal fluid.
Morphological abnormalities of the small bowel mucosa were observed in all patients, varying in intensity from moderate to severe, when the semithin sections were analyzed by light microscopy; moderate villus atrophy was the most frequent pattern, confirmed in 9/16 (56.3%) of the jejunal specimens. Subtotal villus atrophy was observed in 7 (43.7%) patients and in 3 of them an entero-U. Fagundes-Neto et al.
A B
pathogenic bacterium was isolated from the intestinal secretion and/or stools. Patchy areas of blunted microvilli were frequently seen associated with intracytoplasmic vacuolization. The inflammatory infiltrate, with lymphocytes, plasma cells and eosinophils in the lamina propria, was increased.
Colitis was seen in 10 (62.5%) patients. In 6 of them, a relationship was established between the inflammatory lesion and the identification of an enteropathogenic agent in the stools (Table 1) .
Scanning electron microscopy examinations of the 16 patients revealed numerous abnormalities of the small bowel surface, although varying in intensity, in patients with bacterial proliferation in the jejunal fluid. At low magnification (150X) most of the villi showed mild to moderate stunting, but on several occasions there was subtotal villus atrophy. Villus ridges were not distinctly recognizable, showing subtotal atrophy, and vast areas of the villus surface were covered with mucus and debris, and the intervillus spaces were enlarged. At higher magnification (7,500X) photomicrographs showed derangement of the enterocytes; on several occasions cell borders were not clearly defined and very often microvilli were decreased in number and height; in some areas there was complete disappearance of the microvilli. Presence of lymphocytes and fat droplets overlying the surface of the enterocyte was noted in 3 patients (Figure 1 ). In half of the patients a mucus-fibrinoid pseudomembrane partially coating the enterocytes was observed (Figure 2A and B) , and this finding presented a positive correlation with the presence of bacterial overgrowth in the small bowel (Table 1) .
Discussion
In the present study we investigated two main parameters, i.e., the surface features and the presence of bacterial proliferation in the jejunal fluid. Scanning electron microscopy of biopsies of the jejunal mucosa provided additional information on the pathophysiology of persistent diarrhea.
The pathogenesis of persistent diarrhea is multifactorial and no single enteropathogenic agent could be identified as a predominant one in this clinical syndrome. Bacterial proliferation in the small bowel lumen in 68.7% of patients and high rates of isolation of enteropathogenic agents from the stools (50.0%) may indicate that these microorgan- isms are significantly connected to the triggering of pathogenic mechanisms that perpetuate diarrhea. Our results are closely similar to the findings reported by Bardhan et al. (22) in Bangladesh, where bacterial overgrowth in the small bowel secretion was detected in 69% of patients and enteropathogenic agents were identified in 62% of patients suffering from persistent diarrhea. Since high counts of aerobic and anaerobic bacteria have been found in the jejunal secretion of infants with persistent diarrhea, it has been suggested that bacterial proliferation could be responsible for the perpetuation of diarrhea and nutrient malabsorption (23) . In fact, bacterial overgrowth in the small bowel lumen may be responsible for several functional and morphological abnormalities such as deconjugation and 7 a dehydroxylation of primary bile salts (24) , sodium and water secretion (25) , glucose malabsorption (26) and rupture of the intestinal permeability barrier favoring the penetration of intact macromolecules (27) , and thus potentially leading to food allergy. Colitis was observed in 10 patients but an enteroinvasive microorganism was isolated from only 2 of them, and therefore food allergy might account for the remaining cases of colitis observed in our series.
We detected histological abnormalities of the small bowel mucosa in all infants; 9 had mild to moderate villus atrophy, and 7 had severe villus atrophy. Several investigators have suggested that villus atrophy in persistent diarrhea might be the result of an association of infection, food intolerance and malnutrition (28) (29) (30) . Our results confirm these observations since our patients presented moderate to severe malnutrition and in most of them there was bacterial proliferation in the small intestine and/or an enteropathogenic agent was identified in the stool culture.
In the present study we were able to characterize severe derangements of the surface of the enterocyte, with the borders of the cells becoming not well defined. In several areas microvilli were completely denuded and on some occasions bacteria were also seen adhered to the apical portion of the enterocyte. These morphological alterations might be due to bacterial proliferation in the small bowel since this occurred in most patients.
The most striking overall finding of the present study was the presence of a mucusfibrinoid pseudomembrane overlying the intestinal surface in half of the specimens. The pseudomembrane was not associated with the presence of any particular microorganism, but was clearly associated with the occurrence of bacterial overgrowth in the small bowel. This finding is similar to that reported by Poley and Rosenfield (12) who studied infants with giardiasis and may be a nonspecific reaction of the intestinal mucosa against the presence of microorganisms overgrown in the intestinal lumen. The mucus coating may hamper absorption of dietary nutrients due to a mechanical block, thus leading to osmotic diarrhea and nutritional aggravation. This hypothesis is supported by the finding of fat droplets accumulated on the apical surface of the enterocytes in some of the patients studied. On the basis of these considerations, fat malabsorption could be explained by at least two different mechanisms: 1) a decrease in the bile salt pool as a consequence of bacterial proliferation resulting in deconjugation and 7 a dehydroxylation of primary bile salts, and 2) presence of the mucus-fibrinoid pseudomembrane acting as a mechanical block avoiding the passage of dietary fat into the enterocytes.
The surface abnormalities of the small intestinal mucosa shown by the scanning electron microscopy in infants with persistent diarrhea, although nonspecific, are intense enough to justify the severity of the clinical aspects presented during a very early phase of life. A decrease in number and height of microvilli, blunting of enterocyte borders, loss of the glycocalyx, shortening of villi and presence of a mucus pseudomem-U. Fagundes-Neto et al.
brane coating the mucosal surface were the abnormalities observed in the majority of the patients. These ultrastructural derangements may be due to an association of enteric enteropathogenic agents that trigger the diarrheic process and the appearance of food intolerance responsible for perpetuation of the diarrhea.
